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WATER. CONTROL IN THE PEAT SOILS OF FLORIDA . - 
by 
B. S$. Clayton, Associate Drainage Engineer 


(Based on experiments conducted ‘under a cooperative agreement between the 
Agricultural Experiment Station of the University of Florida and the 
Bureau of Agricultural Engineering of the United States Dee of 
Agriculture.) \, 


Introduction 


The area of peat land in Florida has been estimated at approximately 
4-5 million acres and about three-fourths of it is in the Everglades.  Prop- 
er control of water is essential to the conservation of peat soil and suc- 
cessful cultivation of crops. 


For the purpose of bes erent the.control of water in Florida. peat ‘soils 
& cooperative agreement was made between the Bureau of Agricultural Engincer- 
ing, U.S. Department of Agriculture and the Agricultural Experiment Station 
of the University of Florida, The study under. this agreement began in the 
Spring of 194c end has.been continued during the past .several years. The 
headquartors for the investigation has been the Everglades Experiment Station 
near Belle Glade. Prior to this investigation some. data relative to subsid- 
ence of peat soils and variation of woter tables were obtained by engineers 
working uhder the direction of the Division of Drainage of the Bureau of Pub- 
1i¢gnOods eUsveeDepartment,of Agriculture, now the Bureau of Agricultural 
Bnginecring. 


Some of the most important subjects studied were the fluctuation of 
ground water tables, the amount and rate of subsidence, rainfall and: evepora= 
tion, costs ‘of pumping, and the optimum depth of water table for various crops. 


From a study of the fluctuations of water tables along particular well 
lines some data have been obtained on the depths to weter table as affected 
by rainfall,. pumping, lake and ditch stages, levees, and prolonged dry periods. 
The seepage movements of water os affected by the above factors have also been 
noted. These data are of value in plenning pump installetions and drainage 
works and in other problems connected with water control. 


The study of the amount and rate of subsidence in peat soils is of 
great importance in estimating the ultimate useful life of such land, in the 
planning of drainage works, and in any consideration of means to reduce the 
rate of subsidence and thus conserve the soil for the longest possible period 


of use. 
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Data on rainfall and evaporation is essential to planning pump instal- 
lations and other drainage works. The distribution of rainfall throughout 
the year, the intensity of particular storms, and the probable occurrence 
of storms of different intensities are all matters of much practical interest. 
The evaporation and transpiration from large areas and from cropped fields 
are of value in determining the net seepage and considerations of the means 
of conserving the peat soil not yet cultivated. 


Data on the cost of pumping and the amounts pumped from typical areas 
are of value in the design of pumping plants and in economic studies of the 
costs of crop production and land use. 


Such data as have been collected on the above subjects is presented 
in this. report. In addition a study is now in progress to determine the 
effect of depth of water table, variation of water table, and sprey irriga- 
tion on crop response. A series of eight plots each approximately 100 feet 
by 240 feet are being used in ace study, the results of which will be pub- 
lished in a later report. — 


The accompanying map (fig. 1). shows the general location of the peat 
lands near the south and east shores of Lake Okeechobee. The area shown 
is located within the Everglades Drainage District, ond nearly all the land 
now in cultivation is located in the sub-drainage districts shown on this 
moape The area of peat land now in cultivation in the lake region is approx- 
imately 65,000 acrese About one fourth of this is in sugar cane and most 
of the remainder in truck crops. In the’ past this area has been exposed to 
flood hazards due to hurricanes passing over Lake Okeechobee. A levee re- 
cently completed now eliminates this danger, and with the improvement of 
roads and drainage facilities it is probable that the cultivated area will 
be substantially expanded during the next decade. 


Lake. Okeechobee 


Lake Okeechobee covers an area of approximately 740 square miles. 
Its shape is roughly that of .e circle with a diameter of 40 miles. The 
lake occupies a shallow depression, the lowest part of which is substantial- 
ly at sca level. The total tributary drainage area including the lake sur- 
face is approximately 5,200 square miles. Of this total the Kissimmee 
valley accounts for 2,425 square miles. 


Before drainage works were constructed the normal lake elevation was 
. approximately 20.5 feet above mean low tide, and there was a substantial over- 
- flow along the south shore of the lake into the Everglades. The stages 
varied from 13.8 to 21.7 feet before the opening of the St. Lucie Canal in 
1926. Since that time the range has been from 14.0 to 19.5 feet with the 
exception of 1932 when o minimum of 11.8 feet wes reached due to lowering 
the lake on account of levee construction. 


Since the completion of the St. Lucie outlet it has been the purpose 
of those in charge of regulation to keep the lake stages as nearly as pos- 
sible between 14 and 17 feet. With the completion of the Caloosahatchee 
Canal the combined capacity of the lake outlets will be 7,500 second-fect; 
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a.surfricient amount to lower the ‘lake ebout one Poot. fromsnornnl level -in 40 


dayse The lake stages have a material effect on the water.table in adjacent 
lands. . , 


Description of Peat Land 


The Everglades of southern Florida constitute one of the largest bodies 
of peat lands in the world. The area covered Dy SER Sweo lee aboutac 7 /O0G,000 
acrese It lies in a trough about ]0 miles wide by more than 100 miles in 
length and extends from Lake Okeechobee to the. seae On either side is a low 
sandy ridgee The slope from north to.south is. approximately 2 inches per 
mile. The elevation near Lake Okeechobee is now approximately 16 feet above 
mean low tide. Prior to drainage the ground surface near the lake was l to 
5 feet higher but has since beon lowered by subsidence.due to eee and 
cultivation. 


‘The depth of peat deposit varies generally from north to-south. Near 
the lake it is 8 to 12 feet in depth but at the southern end of the Glades 
the rock is very close toythe. surface. The» peat deposit for the most part 
rests on a bed of coral or colithic limestone but a minor portion is under- 
laid with sand. This rock and sand is quite porous permitting a rather free 
movement of seepege water. 3 as 


The peat deposits of the Everglades have been formed ma aaa through ~ 
the partial decomposition of saw grass. They are principally composed of or- 
ganic materials with a minor smount of inorganic matter varying with the 
special conditions existing during the period of formation. Bulletin 190 
of the Florida Agricultural Experiment Station, describes these soils as 
follows: "The accumylation of plent residues under conditions of excessive 
moisture usually constitutes peat soils. Under such conditions the 
anaerobicity, or lack of air, largely prevents the decomposition of the 
freshly fallen material beyond a certain stage; hence the accumulation of 
such organic deposits from century to century." . 


The peat lands of northern Everglades are commonly: divided inte three 
classes: namely, the “custard apple" or plastic muck, the intermediate or 
"elderberry and weed land," and the saw-grass peat. 


The ' ‘oustard apple” soil includes about 20,000 acres lying in a zone 
of from + to aL miles wide, along the east ond south shores of Lake Okeechobee. 
The surface soil to « depth of 6 inches or more is composed of a heavy plastic 
material containing O percent to 50 percent of inorgenic matter. This soil 
was largely formed by the sedimentary deposits cf succulent water plants. 
The mineral content is due largely to silt deposits from lake overflow. 


Between the “custard apple" or plastic muck soil ond the saw-grass 
peat is the intermediate type commonly callod “elderberry and weed land." 
The top soil is of a fibrous material more decomposed by weathering than 
the typical saw-grass soil. The subsoil, though principally composed of 
the brown fibrous layers of saw-grass peat also contains layers of the 
plastic, sedimentary muck. The area of intermediate type is not well de- 
fined as it merges into the true sawegrass peat. 
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The typicel saw-grass peat covers by far the greater portion of the 
Everglades.- .Until exposed tc weathering this peat is of a brown fibrous 
nature. The partially decayed. roots of the saw grass can readily be dis- 
tinguished. The mineral content avernges about 10 percent cf the oven 
dry weight, and the dry soil is much lighter than the "custard apple"or 
plastic muck. s. number cf soil samples to a depth of 4 feet, taken from 
cultivated areas of both "custard apple" and saw-grass peat, showed the 

ary weight cf the former to be about double that of the latter. 


.' In. December 1945 soil samples were taken from 16 locations within 
a 10-acre. field at the Everglades Experiment Station. At a depth of © 
about 16 inches to 18 inches is a thin layer of plestic muck but the re- 
mainder of the soil is typical saw-grass peat. : The field had received 
some drainage about 20 years earlier when the Hillsboro Canal was com- 
pleted but the drainage was greatly improved with the installation cf 
pumps by the Experiment Station in 1925. The field has been cultivated 
only during the last few years. The average oven dry weights and ash 
weights per cubic foot of field sample are shown in teble 1. 


Table 1l.- Oven-dry Weight and Ash Weight 
of Soils at Everglades Experiment Station 


Depth of 3 Oven-dry weight : Ash weight : Ash tc oven 
semple = per cubic foots: : “per cubic foot 3 dry weight 
Inches ; Pounds : - Pounds = Percent 
0-6 : Veo : ire: 16.2 
6-12 Meee 1c 10.44 
12-18 : 11h 2.00 Lived 
18-2), 9.5 Lelk 12.0. 
2)i-40 : apell 68 8. 
30-36: 7.5 62 aoe 
36-2 : pate Pye) 9.0 
he-h8 : ly 073 95 
Average 10.2 Deli 10.7 
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The large ash weight for the 12 to 18 inch depth is due to the 
thin layer of plastic muck. If the semples for this depth are omitted 
the remaining samples of typical saw-grass peat show an ash weight of 10 
percent of the oven dried weight. The data further shew that the dry 
weight of the top 6 inches of scil is approximately double that at a 
depth of 18 to 30 inches, showing the effect.of compaction, weathering 
and oxidotion as the saw-grass soil is slowly changed inte a condition 
approaching a true muck. These results are based on 4; field samples 
taken with 2 brass cylinder’ 6 inches long and |; inches in diameter. 
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_ A small number of samples taken to depths of 4 feet in typical "custard 
apple" muck near Lake Okeechobee, showed average oven dry weights of 21 to | 
el, pounds per cubic foot of field sample and an ash weight of 12 to 15 pounds 
per cubic foot. The ratio of ash to oven dry: weight varicd from 52 to 57 
percent. It is thus evident that the mineral content of plastic muck far 
exceeds that of saw-grass peat. 


Several tests with saturated samples of saw-grass peat showed a weight 
of approximately él, pounds per cubic foot or slightly heavier than water. 
More extended tests mey show a substantial variation from this figure. 


In this report the work "peat" will be used as @ general term to cover 
all types of the organic soils constituting the Florida-.Everglades. The 
three types will be distinguished as needed by the. terms "custard apple or’ 
plastic muck"; "olderberry and weed land"; ond “sawegrass peat." The torm 
"muck" has been commonly applied to all variations of these peat soils but 
strickly speaking "muck" is tho residue developed from decomposition of the 
raw plant remains of peat soils following drainage and cultivation. 


Fluctuation of Ground Water felis 


In the spring of 1942 a number of well lines were established to record 
the rise and fall of the ground weter elevations-.in certain areas near Lake 
Okeechobee. The locations of these lines are shown on figure 1. .A chart for 
each line shows the fluctuation of the water level in a-typical well over a 
period-of several years. The rainfall, lake or ermal levels and other data 
affecting the ground water levels ore also shown., A profile for each of the 
dines shows some typical ground water curves, tho depth of peat, and the dis- 
tance between wells. 


Charts. and profiles have been prepared for le lines designated as 
lines, A, B, C, D, BE, G, M, O, Q, R, 5, T, and Ue. Special location maps have 
also béeenseprepared showing the relation of the lines to section corners, 
ditches and roads so that the lines can be relocated when desired. A short 
discussion of the. water table variations along the several lines has also been 
preparede 


However in this report the data for only four of the most important 
lines will be presented and the fluctuation of water tables due to rainfall, 
pumping, lake, and ditch stages will be discussed. Those interested in se- 
curing the charts, profiles, and a short discussion of the remaining lines 
may have these by writing tne Bureau of poeaa sy Engineering at 
big is peed D.C. 


ae order to secure an accurate record of the water table fluctuations, 
a line of wells was established along each line. Iron rods were driven into 
the rock at each of the wells and their elevations determined as reference 
points, The plane of reference for oll well lines is mean low tide at Punta 
Rassa, Florida, The depths to rock, marl, or sand were determinod by sound- 
ing with an iron rod at each well. The wells were usually reac once a week, 
and on particular lines automatic water stage recorders were later instelled, 
thus providing a daily record cf water stages in typical wells. 


Shh 
Well Line: B 


Line B (fig. 1) crosses the Hillsboro Canal at a point about 9 miles 
southeast of Belle,Glede. It extends back from the canal approximately a 
half mile to either side. On the west side of the canal is a levee and a - 
hard surfaced road while the water on the east side can readily reach the 
canal, 


The soil is a saw-grass peat underlaid with porous limestone at an 
average depth of 7.6 feet. The surface slope is nearly flat near the ends 
of the line but increases towards the canal. Due to drainage and subsid- 
ence large cracks have formed and these are most noticeable near the canal. 
The vegetation near the canal is wceds with saw-grass further back. The 
wells on both sections of the line were read up to February, 1933. As the 
ground water profiles were substantially the same for both sections of the 
line, only the west section was read after that date. All regular readings 
were discontinued in August, 193]. 7 


Figure 2,A shows the variations in water levels in two typical 
wells on the west side of the cenal. The stages in the Hillsboro canal 
end the rainfall at Shawano, about /, miles below the well line, are also 
shown. The well readings are connected by a broken line. The Hillsboro 
stages are taken from the daily readings at Shawano adjusted to agree with 
the weekly readings at the well: line. Figure 2,B shows some typical ground 
water profiles along this line. 


One of the objects in establishing this line was to determine the 
effect of a substantial levee on the seepege gradient. An examination of 
Figure e, B indicates that the ground water profiles are substantially the 
same on ae levee side as on the open side of the canal, end thet the 
levee therefore has little effect on the seepage movement of the water. 


The lowest stages reached during the period of the record was in 
Mey, 1942.. This was at a time when Lake Okecchobee wis at © record low 
stage due to levee construction but it is doubtful if the leke was the 
occasion for the low water along this line. The previous six-month period 
had been very dry and the rainfall during the two preceding years had been 
subnormazl. The ground water storage was thus depleted; hence the low well 
StALCS. 


A comperison of the stages in well 14 with thoseof the lake shows 
that the leke was lower than the well stages almost continuously from April, 
1932 to September, 1933. From December 1943 until August, 193 the lake 
was at the higher level. Since the winter and spring of 193e and the 
winter of 1944 were quite dry it seems possible’ that a portion of the 
seepage water may be artesian woter originating in some higher area north 
of Lake Okeechobee. 
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Well hang D 


- Line D eh ) Pha Me at the old leveé on oe south | ‘side of Lake 
Okeechobee and extends southward across the east portion of Sections 5 and 
€-/)1-36 to the Florida East Coast Railroad. The line is about a quarter 
mile west:of the cast. line of these sectionse. A road ditch along the north 
line of section 8 provides some surfacco drainage to the land. This line 
is located in the South. Shore Drainago District which has no permanent. 
pump installations. The highest portion of the line is in,scction 5 north 
of highway 25. This high ground was doubtless the old rim.of the lake. 


The soil is “custard apple" or plastic muck underleaid with lime-— 
Stone at an average depth of 7.7 fect. The-ovon-dry weight of the top foot 
of soil near well 8 was 45.0 pounds per cubic foot of field sample and the 
ash ponaiee wie ecee pounds. The corresponding weights near well.27 are 
32.4 and 20.5 pounds: respectivoly.. During the period.of the record the 
land has’ een used for truck crops. The surface drainage is fair but’ 
could be improved by installing better ditches and a district pumping vinit. 


The. see iene onewthiis line extend from Mas 952 tO slenuary, 
1936. Automatic gages were installed at wells 8 and 27 in July, 194)... 
Previous to this time readings were made about once a week. 


Figure 4,A shows the variations in water tables in two typical wells 
and the stages of Lake Okeechobee for the yoars 1932 through 1934. The rain- 
fall shown is the average of that at South Bay and at Lake Harbor. The Jow- 
est stage in well 8 occurred in May, 1932 at a time when the leke was held at 
en extremely low level on cecount of the construction of the new lake levee 
Acithat time the water table was he? feet below the surfrce. The stages phat 
well 8 are nearly always above the lake curing the four rainy months from 
June to September, ond during the dry months they ore usually a half foot 
lower than tho leke. The lake has a marked effect on the stages in this well. 


WellvepP is. located, nearly .a oe south of well 8 and near the ends of 
long dry spekls it is often as much as 2 feet or more lower than well 8. 
Whensthe lake istabove o 15.5, foot —_ it appears that the séepage pre dient 
almost alwoys slopes to the south. Below this stage the slope is sometimes 
reversed during the. wet months. 


During the winter and spring the stage in well 27- is commonly from 2 
40°e.5 feet below the lake and has reached an extreme. differencé of nearly 
4 feet. ‘The extreme low stage of May, 1942 was preocded by nmeuriy 2 your ot 
very low leke levels and by more then a year of subnormel rainfell. With the 
lake at about a 16-foot stage the seepage gradient appears to increase dur- 
ing the’ dry months: until it reaches.a.slope, of from 2 to 2.5 feet per mile 
elong this well line. 


The new lake. levee is located about & querter mile north of the end 
ofiisine;D. vA fire trench and a, secpage ae wore first excavated to the 
rock or shell beneath the soil end refilled with marl and shell. The levee 
was completed across the end of this line during the summer of 1945. The 
subsequent record on this line will give some indication of the effect of 
these fills on the seepage gradient. As far as the present deta go these 
changes have had no bliniarto intial effect on the wator teble along this. line. 
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Figure 4,B shows the drop in ground water levels during «a dry 
period subsequent to heavy rains in carly November, 1932. The profile 
for November 11, shows the wator table sloping in both directions from 
about: the middle of the line. By December 31, it was practically level 
end thereafter sloped entirely to the.south. The roed ditch at highway 25 
coused a slight depression in eae ten lines. 


Unit .4.0f the south nlortda Conserva ency District is located 
south. of the railroad at the end of line D. Nearly all the pumping 
operations take place during the summer and fall months. It is there- 
fore not probable that the low water tables during the winter and spring 
months on line D are substantially affected by the conditions in this 
Pumorne unit. 


Well Line G 


line G (fig. 1) is located in Section 3,T./), R.37, om land of 
the Everglades Experiment Station near Bolle Glade. It begins at a 
‘point on the Hillsboro Canal about 860 feet northwest of the pumping 
plant end runs in a southwesterly direction at right angles to the canal 
through land used for experimental plots. The area has been underdrained 
with mole lines 30 inches deep and 15 feet apart. These mole lines con- 
nect farm ditches 240 feet apart. ; 


The soil is saw-grass peat underlaid with porous limestone at 
an average depth of 7 feet. Soil samples taken near well 10 to a depth 
of 4 feet showed an average oven-dry weight of 12.2 pounds per cubic 
foot of ficld sample, end an ash weight of 1.18 pounds. The land has 
been in cultivation about 12 years and as a result of weathering and 
compacting the top foot of soil has an oven-dry weight about twice as 
great as that at a depth of frome to 4° fect, “At a ‘depth oP INS teve.0 
feet is « thin layer of plastic muck. The aree near this line has had 
good drainage as the pumping plant is of large capacity and is operated 
as needed during the entire yeor. } 


The period of well records covered in this report includes the 
yeers 1922, 1933, and 194. For some years prior to this time a record 
was kept by the Everglades Experiment Station and since 194, the record 
of the water table in this section of the Experimental farm has been con- 
tinued along a line parallel to and 615 fect east of line G. 


Figure ,A shows. the water table variations in a typical well, 
the stages of the Hillsboro Canal, the days on which the pump wes operated 
and the rainfall. The well readings were made about a week apart. The 
chart clearly shows that the amount of pumping largely depends on the 
stage of the Hillsboro Canal. A comparison of the June records for 1944 
end 193, shows much more pumping for the higher stage of the canal although 
the reinfall for the two periods cid not vary much.e The October records 
for 1942 and 194), also show a similar relation between the cenal stages 
and the periods of pump operation. A rise in the canal stage causes an 
increase in the rate of seepage into the pumped area. This scepage water 
apparently moves through the porous rock beneath the soil. 
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The highest water during the perioc. covered occurred on November 7, 
1942, following 2 record rainfall of: 10.9 inches during the previous night. 
The water covered the ground for more. than two days although the pump wes 
operated to maximum capacity. After the water reached the ground level it 
required 2 hours of additional pumping to reduce the water table 0.8 foot 
in well 7. This well is midwey between mole lines 15 feet apart. A well 
similarly located as to ditches and 615. feot cast of well .7, but in undrained 
ground took three days to crop the smme emount. This comparison shows the © 
value of mole lines in soil having ditches not over 240 féet epart. As the 
major portion of the roots of truck crops are in the top foot of soil, the 
value of the mole lines in reestablishing normal eir conditions is evident. 


Fizure 4,B shows some typical water table profiles for line G.- The 
water table rises very sharply from the ditch to a point 15 or 20 feet back. 
The more rapid drop in weter levols-in those sections of the:line néar the 
Hillsboro Conal is clearly evident inthe November, 1932, profiles. This 
is doubtless due to the more effective crainage provided by the mole. lines 
in the portion near the canal. 


Well Line S 


Line S (fige 1) is located in Section 4-)1-%7, enc also in the north 
unit of the Pelican Lake Drainage District. It begins at the West Palm Beach 
Canal and extends in a northetsterly direction about 4,000 feet. . Lake. 
Okeechobee is about 2/3 mile away. 

The soil is of the intermediate type of "elder and weed" land and is 
underlain with limestone at depths varying from 9.4 to 12.8 feet. Soil 
samples taken near well 18, to a depth of 4 feet, showed an average oven dry 
weight of 15.4, pounis per cubic foot of field sample, and an ash weight of 
4.79 pounds. The land is used to grow suger cane. The period of records 
along this line extends from May, 1932 to January, 1936. 


Figure 5,A shows the water table fluctuations in a typical well, 
the stages in the West Palm Beach Canal, the rainfall at Azucer, and the 
lays on which the district pumps were operated. In July, 1944 an automatic 
goge was installed at well 18, The sudden changes in the West Palm Beach 
Gone ao times of little or no rainfall are’ due to regulation ‘of the locks 
near the lake. Figure 5,B shows some water table profiles along this line. 


The highest water during the period of the-record occurred in 
November, 1942, following the record rein of November 7. The district 
levees broke shortly after this rain, flooding the ground to a depth of over 
4 feet. The water remained above the surface for nearly. a month. The 
lowest stage was in August, 19%5 when the water teble was 4.5 feet below the 
surfacee The West Palm Beach Cenal at this time was also exceptionally low. 


Amount of pumping required depends very materially on the stage of 
the West Palm Beach Canal. The water table in the land outside the levee 
on the east side of the Pelican Lake District also affects the amount of 
pumping. The wator there is often above the grounc due to run-off from 
higher land to the northeast. 
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- Figure 5,A shows that the rainfall was almost the same for both 
October, 1942 and October 1944, but that the canal stage was approxi- 
mately 3 fect higher in the later period. The pumps operated a total of 
701 pump-hours in October, 1943 and only 62 pump-hours in October, 1932. 
The records for August, 194; and August, 1935 also show the large varia- 
tions:in pumping due to the stages in the West Palm Beach Canal. 


As shown in Figure 5,B, line S is divided into three sections by 
field ditches. The general slope of the seepage gradient is nearly 
always’ towards the West Palm Beach Canal. The dotted line in the profiles 
shows the gredient. sloping away from the canal and higher in the ditches 
than in the fields. It is only during dry periods, after pumping opera- 
tions have ceased, that the water table is lower in the fields than in 
the ditches. This condition is probably ceused by the fact that evapora- 
tion and transpiration losses exceed the seepage inflow. As ean inch of 
water. will saturate about 6 inches of soil, the evaporation losses will 
cause a greater drop in the soil, than in the ditches. Unless rains inter- 
fere the drop in the soil water continues to exceed that in the ditches 
until there is a balance between the seepage inflow and evaporation losses. 


The field ditches divide line S into two sections of about 800 
feet each and one of 1,250 feet. The well reccrds show thet the water 
drops somewhet more rapidly in the shorter sections. When the water table 
is high continuous pumping usually produces a drop of a foot in 8 to 12 
dayse-the rate of fall depending somewhat on the stage of the West Palm 
Beach Canal 


Summary of Weter Table Study 


As the water table in the peat soils nesr Lake Okeechobee is 
affected to-some: extent by rainfall, pumping, lake ond canal stages, it 
is difficult to draw general conclusions from a study of fluctuations 
mlong well lines. In planning Ccrainage improvements the special condi- © 
tions around an aree should be carefully considered. There are, however, 
some relations of the seepage movements which appear to be confirmed by 
this study of particular well lines. 


The major portion of the seepage water appears to move through 
the porous rock or sand beneath the peat rather than through the soil 
above. Where a block of land is surrcunded by a high water table and 
the ditches within the orea are hele at a low stage by pumps, the soil 
water will. remain at a higher stage then the ditches over extended 
periods of dry weather, thus indicating the upward movement of the scep-. 
age water due to the pressure from e higher water table in the lands 
outside the levees. The observations of ditch ond well levels on experi- 
-mental. water table plots at the Everglades Experiment Station and also 
along certain field lines support this conclusicn. 


It also eeems evident that there is considerable resistance to 
the horizontal seepage movement through the peat. The water table pro- 
files for high stages in the wells are quite flat along the major portion 
of the distance betweem ditches but neer the ends they slope down rather 
sharply to the ditch levels. If the soil were mostly sand or other porous 
material, the end slopes wculd be much more gradual. 
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These profiles alsc indicate that it is not advisable to place farm 
ditches more than an eighth of a mile apart and the area between ditches 
sheuld be mole drained. The data for well line G at the Experiment Station, 
indicates that following rains the water table will drop considerably faster 
in mole-drained soil,.than in similar sections of soil without:mole drains. 
These mole drains are commonly spaced 12 to 15 feet apart and 430 inches deep 
but in saw-grass soil it-appears that heavy farm machinery may close the 
lines and that lines. at greater depth weuld be more durable. 


f. substantiel levee built over peat soil evidently has little or no 
effect on the seepage gradient. A seepage ditch along the inner:tce of a 
levee depresses the seépage gradient when the water is higher on the outside 
han within. It is better, hcwever, to use 2 narrow seepage ditch as a wide 
aitceh. dug to rock may dleg a levee tc slide when there is a high head without. 


f. study of fem cene et 6 eaae reoords on a number. of well lines in- 
dicate that a heavy rain may raise the water table from 5.5 to 7 times«the 
depth of precipitation. sn experiment with peat soil in a large steel tank 
showed similar results; an addition of 4 inches of water showed a rise cf 18 
inches or a cratiozorL 6 to le However, as this saturation takes place slowly 
it is not advisable to: give much wei ght to such ground storage in determining 
the capacity of a pumping plante. 


The cocauhor lines: H, D,:T, and U give some indication of the effect 
of Lake Okeechobee on the water table inthe adjacent la nd. The extent of 
this effect can be only roughly defined. However, the available data indicate 
that the lake stages have a noticeable effect to a distance of about a mile 
back Be the edge of the lake and.a very substantial effect: tc a distance 
of ec half mile. The most sa atisfactory lake level is approximately 16 feet. 
A Cae of 15 to 17 feet in lake stage would be a very desirable range 
from an acricultural standpoint, but due to the occasicnal occurrence of ex- 
treme dry years and’ extreme wet years this range could not be mointained at 
all times. However, with the ‘improved lake. outlet | jt is probe ble that.:the 
variation can now be held between one and 18 feet. 


ag te oe in the Northern Everglades 


On the: peat: ‘lands surrounding Lake Okeechobee there. are four rainfall 
stations now in operetion with records, of more. than 10 yearse These four 
staticns are located at Canal Point, Mcore Haven, Everglades Experiment 

\Station and the Shawone plentation.’ Data from the four’ stations: are here 
presented to show the variation in rainfall on the peat, lands of, the upper 
Everglades, There was alsc a:record at Ritta from 191k he 1930; Pe aa ae but 
this station was discontinued at the end of that period, : 


The station at Canal Point is maintained by the Cane Experiment Station 
of the U.S. Department cf Agriculture; that ot Moore Haven by the U.S. Weather 
Bureau; that at Everglades Experiment Station by the fgriculturel Experiment 
Station of the University or Froride, "end thet’ at Shawanc by ‘the Brown Compeny. 
Tables 2, 3, 4 and 5, show the monthly and annual rainfall for the four sta- 
tions above mentioned.’ The maxinium, minimum and average monthly and ennual 
rainfalls are also shown. ; Ae de Spies 
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The average reinfall for the folly month's period from June to 
September at each of the four’staticns is approximately 60 percent of 
the mean annual precipitation. This is the period of greatest rainfall. 
The four month's period of least rainfall is from November tc February. 
During this time the average precipitation at the severel stations varied 
from 11 percent to 14 percent of the annual mean. Of the four stations 
the greatest mean annual rainfell is that at the Everglades Experiment 
Station and the least is that at Moore Haven. -The records at these 
stations vary by nearly 8 inches. 


Two of the longest records at ete ttons in South Florida are 
those at Ft. Myers and Miami, A 67-year record at Ft, Myers, including 
1935, shows & mean annual precipitation of 51.87 inches, a maximum of 
82.6, inches, and « minimum of 42.85 inches. At Miami a ‘U8-year record 

shows an annual mean of 59.51 inches, a maximum of 89, O07 inches end a 


minimum of 34.69 inches. 


Table 6 shows the reccrc cf excessive precipitations at the 
Everglades Experimont Station for the year 1945, as-determined from the 
charts of a weighing rain gage. No very excessive storms occurred. The 
greatest rate for 1 hour was 2.07 inches, and that for 2 hours wos 2.73 
inches. Tho U.S. Weather Bureau record for Miami shcws a maximum rain- 
fall of 3.50 inches in 1 hour and 6.11 inches in e hours. 


One of the greatest Gl-hour rainfalls ever recorded in Florida 
cecurred at Canal Point in November, 1942.: The record at the U.S.'Cane 
Experiment Station showed 21.92 inches. By far the greater portion of the 

ain fell from 11 pem. ie eva 6, to 7 aem. November 7. During the pre-~’ 
ceding day 1.90 inches was recorded making 4 total of 243.82 inches for 
48 hours. Other rein neo within a few miles of this station showed 
amounts verying from 19.0 to 21.2 inches in 2 hours. The greatest ely 
hour rainfell recorded at the Everglades Experiment Station also féll 
curing this stcrm. The precipitaticn was 10.90 inches end almost the 
entire amount fell from 1l-pem. November 6, to 7 e.m. November 7. The 
greatest 2li-hour reainfall recorded within the state, 24ece inches, 
cecurred cat New Smyrne in October, 192). 


Table 7 shows the numbor of rains of 2 inches or more which’ have 
eccurred in 2 hours at the Everglades Experiment Staticn, et Mcore Haven, 
and at Canal Point during the, pericds of record. The number of-rains ° 
are shown according to size groups. as indicated in the first cclumn, 


Of the 9 rains of 2 inches cr more at the Everglades Experiment 
Station approximately 63 percent were. from 2 to-3-inches in amount ond 
57 percent occurred during the four wet months of June to September, 
At Moore Haven 75 percent of the 63 rains shown were in the 2. tc 4-inch 
group and 67 percent of the 64 rains occurred from June» to September, 
inclusive. ft Cenal Point 75. percent.cf the 55-rains-were in the 2= to 

%-inch group and 62 percent of the 55 rains occurred from June to 

SS Oe inclusive. The records cf the three stations indicate thet 
only a few roins of lh inches or more have cccurred during the farming 
season cf Octcber tc May,: inclusive. Ree yc 
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., Evaporation i 
During the years 194), end 1945 evaporation records were! kept for 

several large steel tanks and « standard U.S. Weather Bureau open pan located 

at the Everglades Experiment Stéiticn et Belle Glade « -The--purpcse was to 

determine the evaporation and transpiration frat feat and other: crops on 

peat soil, : 


he large steel tanks were 4 feet by 12 feet in are ae l, feet deep, 

and are set in the ground to a depth of approximately 3.5 fect. The bottoms 
of the tanks were first covered with a 4-inch layer of crushed rock about 1 
inch in size so as to allow the water table to more readily equalize when 
water is added or withdrawn. he soil wes placed in:layers to;an elévation 
about 6 inches below the tops of the tanks. The water in the tanks was kept 
at a near constant depth by adding cr withdrawing water as needed, using a 
e-inch bilge pump for this purpose. The water added or withdrawn wes mcasur- 
Sc an email venks. of such size thot. an eel over the large tanks was equiva- 
lent in volume to’a foct in, the smaller tenks. The reinfall. wos measured in 
a Stendard roin goge ploced nearby. The wind movement shown in total miles 
per month was recorded on the top of a two-story building about 1,000 feet 
from the tanks. the crops plented in the tanks were surrounced ao the same 
ercps planted around the cutside to prcetect the tank growth frem ean exces- 
sive exposure to wind ond sunlight and thus approximate. field conditicns. 
The depth of weter maintained in 1944 was about the same as thet con the 
Experiment Station farm. The lesser depth during 1945. Was duc ' mainly to 
subsidence of the soil in the tanks. : 

Tank 1 was netad BG & large barrel cane c the PeOeds 2725 type 
on February 1, 194/;; and tank 2 was planted on the seme date to a medium 
barrel cane of the Co.281 type. Both canes were cut Decembér 13,194), 
following a hard “freeze on.December 12.: The evaporation and transpiration 
from tank 1, was-51.l:0 inchés (seé tablé 8) ‘and the cane produced at the 
rate of 46.44 tons per acre... The. ovaporation and. transpiration! from. tank 
2 was 49,42 inches and the cane produced at the rate of. 44,0" toms: per acre. 
fank 4, containing -bare.soil without shade, had an eva poration of e.65 
inches fcr the year. The evaporation erein-the stenderd: U.S. Weather Bureau 
open pan was 65.27-inches-fer.the year... From experiments in the arid west 
it has been estimatec that ee from a reservoir: or, other large body 
of open water is'68-to 70 percent cf that from a Stendard open pan. It is 
prebeble that this percenteaze will les ely apply +0 Evere -lades conditions. 
The raintell tor: Beg chee 1934 was 62.2l, inches, ee 

The ec ine: growth during the year. 1935 was retarded by wire worms. 
Tank 2 was: ‘replanted ion Mora Ley Weeanee of wire» worm damare: but the stand 
of cane remained poor. An attempt to kill tho wird’ werms by flooding followed 
by introduction of tear fas wes pe ee at ws The cane growth was: stopped 
by a killing frost: on December | 1, and ‘we s harvested on Je ey T1956. 


The e@ nporation and tra terres ‘from tank 1 wos Tee5! inches 
(see table 9) end the cane preduced at the rate of, hee C tons;of mill cone 
per acre. The évaporation and transpiration from tonk 2 was 6.55 inches 
and the cane eye tug es. at the rate of .28.6. tons of mill cnne per acre. The 
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cene from both tanks when reduced to supar ae a yield of approximate ly 
20), pounds of 96° sugar per ton of mill cane. 


Tank: 4), contained bare soil partially sheded by cene planted 
arcund the tank but the shading was not equivalent to ficld*ccnditions. 
The evaporation for the yeer was 49.21 inches. 


Tank 4, was planted te alfalfa on April 15. Prior’te that 
date the soil was substantiolly bere. The alfalfa at first made good © 
progress but in the early fall it died down and curing the remainder of 
the year provided some shade ever the soil but the transpiration was 
certainly of little consequence. The total amount of evaporation and 
trenspireticn was 1)5.12 inches. 


The evapcration from the Standard Weather Bureau open pean was 
70.60 inches during the year 1945, and the ennual reinfell was 48.81 
inches ) . * % 


fn examination of the results for the two years’ shows that the 
two cene tanks and bare soil tenk all used more water in 194 than in 
1945, while the evaporation frem the open pan wes greater in 1945 than 
194. One reason for this was: the difference in rainfall in the two 
years. In 194), rain fell on 141 days and totaled 62.2), inches while in 
1945 rain fell on 119 days an¢ totaled )\8.8l-inches. The greater amount 
of Tian okey 194), kept the top Sei in these tanks more moist than wes 
the case in 1945,-ena thus increas the evaporation from the soil. On 
the other hand the more frequent Be eiges raised thé humidity of 
the air over the open pan and hence reduced the eveporation from the _ 
water surface. fncther probable cause for this difference between the — 
two years is the faut that the cane yield wes somewhat renter in 194), 
then 1945 and the bare tank wes partially shaded curing the latter year. 
The mean temperature end the tctel wind movement was about the seme for 
both years. | a 


Pwipiug Records 


The early drainage of.the peat lends around Lake Okeechobee | 
depenced on gravity systems discher¢ ring inte. the lovee outlet cenals 
which were never entirely ecmpleted. -Due-to the flat topography,,the 
ditch gradients are commonly only a few inches sae: mile and the water 
movement is hence very slow. _ilso drainage ha aused considerable sub- 
sidence which interferes with sravity drainage “Tn ordeér G6 improve 
their drainage nesrly ail the districts: have Ai aed jarge pumps. 
As most of these pumps are reversiblo, water as needed may be pumped: ae 
into the areas served and thus control the water level. during dry periods. 
Mest of the pumping plents cischarge direcury -intc Leke Okeechobee, but: 
several pump into the large cenals and the water from these may run either 
into the lake or down the canals, do openting on the rela .tive leke and: 
ditch stares. 


Nearly oll the large plants use the screw type’ pumps of from 
%0,000 to 60,000 gallons per minute capacity, but more recently a few 
large vertical turbine pumps of approximately h5,000 gallon capacity 


have been installed. The large screw type pumps are driven by heavy duty 
diesel engines varying from 80 to 180 horsepower each. During the past few 
years a number of large pumps driven by electric motors have been installed. 
The largest of these motors is 150 horsepower. 

The drainage districts on the peat lends around Lake Okeechobee have 
_instelled pumping plants with a total rated horsepower of approximately 
5,100. Of this total, electric motors account for. 475 horsepower and the 
balance is supplied by diesal enginos. The total discharge capacity of these 
plants is approximately 4,960 second-feet and the maximum required lift of the 
‘pumps is about 8 fect. The average static lift is probably close to 4.5 
feet. The arca served by pumps within these districts is approximotcly 
100,000 acres, but a considerable portion of this acreage is not yet in cul- 
tivation. Nearly all the larger plants have a discharge capacity of approx- 
imately 1 inch in 2: hours over the aroa served ‘but several of the ‘plants 
have & capacity of 1.5 inches. 

Approximatcly 60 percent of the average annual ‘reinfoll near -Lake 
Okeechobee occurs during the four-month period from June to Scptember, in- 
clusive, and by far the greater part of the pumping is done in this period. 
During dry periods.in the winter and spring a small amount of water is occasior 
ally pumped into the districts in order to, raise the water table. The total 
time that the plants operate during « year varies widely due:to rainfall and 
scepage conditions but probebly averages about 55 plant days. As one or more 
pumps in a given plant may be operated during the day a plant day is deter- 
‘mined by adding together the total days of operation of each pump during the 
yeor end dividing the result by the number of pumps. 


Description of Plants 


The locetions of the pumping plants covered by this investigation are 
shown on the map (fig. 1). The four large plants located in the Pelican 
Take and Bast Pahokee drainage districts are fairly typical of the larger 
plants around Lake Okeechobee. They have a discharge capacity of approx- 
imetely 1 inch in 2 hours over the ares scrved. The pumps are reversible 
so that they may be used for irrigation when needed. The fuel used is dis- 
tillate delivered at a cost of 6.5 cents per gallon. The cultiveted acreage 
within the oreas served is largely used ‘to grow sugar cane but a substantial 
amount is given to the vroduction of truck crops. The East Pehokee district 
still contains « considerable erea of unused land. All four plants pump 
directly into the West Palm Beach Canal and the total amount of pumping is 
considorably affected by the canal stage. A high cenal stage causes in- 
creased seepage into the areas pumped. This seepage movement appears to be 
principally through the porous rock formation beneath the muck, Continued 
rainy poriods sometimes raise the canal to such 2 stage that the flow is into 
taen lotsa mor ¢ distance ie miles back. The ditches within the’ pumped area 
are usually held at a low stage during the rainy sexson on account of the 
probability of heavy storms. 


The lateral ditches are located approximately a half mile apart. Due 
to the flat topography of the lend the ditch velocities are low and a semi- 
liquid sludge or "soupy" material readily forms in the bottoms.of the ditches, 
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‘greatly reducing their capacity unless removed. Hyacinths and moss 

‘also grow in the water and further reduce the capacity of the ditches. 

It is therefore éssential that regular maintenance be provided if the 
drainage systems are to operate efficiently. No accurate data.are avail- 
able on the annual cost of proper maintenance of ditches and levees, but 

a G is certain that at least $1 per acre should ee for this purpose. 


Pelicén Lake Unit No.l. The two engines gre each 80 horsepower 
full Diesel, type Y, made by Fairbanks-Morse and Co... They are vertical, 
_two- ~cylinder engines directly connected to the pumps. The full specd is 

“400 revolutions per minute but this can be varied by special adjustments. 
‘The two pumps are each le-inch Wood-screw type, with a rated erpacity of 
40,000 gallons per minute. The pump house is made of corrugated metal 
on ‘timber frame work and is set on a concrete foundation. The total cost 
of the plant was $55,000. Pumping operations were started in 1925. 


Fuel oil consumption during the three-year record has averaged 
1.09 gallons per acre-foot pumped, and 5.26 gallons per pump-hour of 
operation. The average annual static lift has varied from 4.4 to 4e7 
feet ond the maximum lift was approximately 6.7 fect. 


. Pelican Lake Unit No.e. This plant is similar to Pelican Lake 
Unit No.l. The total cost of the plant wes $51,000. Pumping operations 
were started in July, 1929. 


Fuel oil consumption during the three-year record has averaged 1.09 
gellons per acre=foot pumped and 5.49 gallons per pump-hour of operation. 
The average annual static lift has varied from 4.8 to .€ feet and the 
maximum lift was approximately 7.7 feet. 


Figure 6 shows the record of pump operation at the two Pelican Lake 
plants for the year 1944. Similar. charts have been prepared for the years 
1944 and 1945. Copies of these may be obtained from the Bureau of Agri- 
cultural Engineering at Washington, D.C. The total annual emount of 
pumping, the depth from the drainage area, the rainfall, fuel oil used, 
and average lifts are’ showm for Gach plant. The average annual rainfall 
for the three years was 61.1 inches.. A 14-year record at the U.S. Depart- 
ment of Agriculture Cane Station at Canal Point shows on average of 5.1 
inches. It is hence probable that tho ‘average amount of pumping during 
the three year period wes somewhat above normal. 


An examination of the charts for these units shows thet the amount 
of pumping depends very materially on the stage of the West Palm Beach 
Cenal. In fugust, 1945, with a rainfall of 7.35 inches and a very low 
canal stage there was no pumping at either unit, while in October with a 
reinfall of 5.25 inches unit 1 pumped l,2l:7 acre-feet and unit 2 pumped 
1,693 acre-feet. Some of this difference between the two months may be 
due to holding a lower woter table in October but it is certain that the 
major factor was the higher stage in the West Palm Beach Canal. 


The records for the three year period show an average annual depth 
of 5.44 feet of water pumped from the drainage area of Pelican Lake unit 
1 and 4.70 feet from the drainage area of unit 2. The difference is due 
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largely to the higher weter ‘table ‘which usually exists along the east side 

of unit I whereas unit 2,-due-to the lew ground “in ans Pelican Lake -farms 

areas, has a much lower water table along- its south and:west:side. This 
comparison clearly shows the effect of the exterior Waren table on the 
mount of pumping within a drained aren. 


Bast Pahokee: Unit Nc. 1. The two engines’ are each-180 horsepower; full 
Diesel, type Y, made by Fairbanks-Morse and Co. Theyneresvertical,..three 
cylinder cngines directly connected to the pumps. -The full speed is 257 
revcluticns per minute. There is a speed control: on each engine whereby. the- 
speed can be readily varied as desired. This is quite’ an adventage: in ad- 
justing the dischargo of the plant to the inflow from the ditches. The two 
pumps are each a 5Sl-inch Wocd-screw type, with a rated capacity. cf 60,000 
gallons per minute. The pumphcuse is made of corrugated metel on steel | 
framework ond is set on 2 concrete foundation. The total -cost.of. the plant 
was $75,000. Pumping operations were started in November, 1929. 


Fucl oil consumption during the three-yoar record at this plant ha 
averaged 1,02 gallons per acre-feet pumped, and 6.5 gallons per ee 
of operation, Theo average-annual static lift varied from .6 to 4.9 feet 
and the maximum lift was approximately 7.5 fect. | 


East Pahokee Unit'No. 2. -The: equipment cf<this unit is similar to 
thet of’unit Nc. 1. The tetal cost of the plant wes $105,000,* The plant. 
was first operated in January, 1930. 


Fuel oil consumpticn during the three year record at this plant hes 
averaged 1 gallon per acre-feet pumped, and 8 gallons per pump-hour of opera- 
tions The average say oe static: 1ift varied from ).ly-to ly.7) feet.-and. the... 
meximum lift was approximately 7.2 feet. 

Figure 7 shows the reccrd cf pump cperaticons 2t the two East. Pehokee. 
plants Tor the year 193. Similar charts have becn prepared fer the years | 
1945 ond 1945. “Copios ‘cf these may bemsecurcdfrem the, Burcou,of Agricultural 
Engineering at Washingten, D. C. The tetel annual amcunt of pumping, the 
demur «rom the crainage orca, vhewvrainieaiy, efuel.cilmsedwend average liit 
are shown for each plat. As the syerage annual/reinfall for the three years 
was 60 inches, while thet fer a 13-year heer at the U.S. Depertment of 
hgriculture Cane Station at Canal Point was 5.1 inches, it is probable that 
the average emount of pumping during the 4-year period was somewhat above 
normol. 


fn examination of the charts again shows that the emount of pumping 
depends ccensiderabjy on the stages cof the West:Palm Beach Canal. This is 
particularly noticeable in ccompariscn cf the records for August and October, 
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During the 3-year pericd: the average annual depth of water pumped 
from the drainage area of unit 1 wes 2.49 fccet while that pumped from unit 2 
was 2.74 feet.. The two units are not completely separated as a ditch at the 
west. end of the district may carry woter to either unit, However, if the 
two units are combined the average annual depth pumped off would be 2.6) feet. 


2°18, 


Taken separately, unit 2 shows a little greeter depth pumped than unit 1. 
This is doubtless due to the foct that the entire south line cf unit 2 
abuts) on undrained land along & Jemile levoe and’ the: scepage is therofore 
increased. vi “#2 A ial 
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Occasionally during lon; dry spells the pumps are reversed and 


water is pumped into the districts to rnise the-water table. It usually 
takes a day to reverse a large pump of the Wood-scrow type. Only o -small 
amount of the total weter pumped is thus used for irrigation. No irriga- 
tion water was pumped into cither the Pelican Lake or East Pahokee dis- 
tricts during the year 194). © gh ait! | 3 ) 
Usually no very definite weter elevation is held at the pump in- 
takes. The water is cften pumped down to a very low level at the intake 
and the pumps then stopped until the':ditch again fills... It weuld be 
better practice to hold the intake lovél at a near constant elevation. 
The movement of the seepage water would then be more uniform and the 
averaze lift of the pumps wculd be somewhat reduced. To accomplish 
this, ‘the engines of pumping plants should have varicble speed controls 
and the ditches should be so maintained that they can deliver -their 
designed rates of flow. 


Tho Everglades Experiment Station Plant. ~The electric: motor is a 
four speod Westinghouse, type C.S. induction model. It is-rated at h.2 
to 40 horsepower depending cn the speed used, and is connected to the 
pump by meens of a set cf short V-belts. Tho four speeds are 145, 590, 890, 
end 1,180 revoluticns per minute. However nearly o11 the operation is 
ot the third spced of 890 revolutions por minute. Tho pump is 2 2h-inch 
vertical turbino rated at 10,000 gallons per minute at high-speed, and 
is so built thet weiter can be either pumped in, cr’ out of the area served 
vy the simple operation of four vertical slides. It was made by the 
Couch Manufacturing Co. end has four speeds of 217, 292, Nhe, and 57h, 
revolutions per minute. The pump is started ‘and stopped by oan automatic 
“float in the inteke ditch and requires little attention during operation. 
The pumphouse is made of corrugated metal on steel framework and is sot 
on*a concrete foundation. The totel cost of the plant was approximately 
$4,400. It begon operating in July, 1931. 


The electric: power used is 4-phase, 60-cycle, 220 volt current. 
The cost for power was based on a charge of $4.00 per “contract” horse- 
power for the first 25 "contract"1/ horsepower per month for four months 
in each yoarly period; $3.00 per “contract” horsepower for all additional 
"contract" horsepower per month fcr four months in each year; end 4 cents 
per, kilowatt hour for all energy used per month. The,annual cost of 
electric powor during the three years of this record has averaged $).76 
per acre served end 6.2 cents per kilowatt hour used. The averago pericd 
cf operation has been 60 days per year. The average annual rainfall for 
the three years was 58.8 inches which is.a little greater than an ll-year 
average of 58.0 inches at the Everglades Experiment Station. The average. 
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ive A "ecntract" horsepower is the average horsepower supplied during 
the 15-minute period cf maximum use during each lé-month period ending with 
the month for which the bill is rendered. 
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annual static lift has varied pede eaOtone satectyweand the maximum liftyweas 
approximately. feot. The record for the three years shows an average annual 
depth “or 8.11 feet of water pumped. from the drainage arca of 162 acres. 
Figure 8 shows the record of ‘pump operations at the. Everglades Experi- 
ment Station plant for the year 194). Similar charts have been prepared for 
the yecrs 1944 and 1945. Ccpios of these may. be. secured from the Bureau 
cf Agricultural Engineering at Washington, D.C. The total.amount of pumping, 
the depth pumped from the drainage area, the kilowatt. hours used, the rain- 
fall, and the- stages of the Hillsboro canal are shown.for. cach year. 


The charts for the three years clearly show tho marked effect of the 
stages of tho Hilisboro ca ee on the amount of pumping. In August, 1945, 
the rainfall was 6.5 inche i there was no pumping, while, in Octcber with 
a retire Loh heft itches cea “srount pumped was 4.43 ecre+feet. In October 
the Hillsboro canal averared.4.e feet hisher then: in August.: This. seepage 
inflow evidently mOVeS principally through the porous reck beneath the scil. 
In ditches around some water table plots.at.the Experiment Station the water 
is hele constant at 4 fect below the surface while the weter table in the 
100 by 220 foot plots stands about 8.inches higher. .As_ the ditches are dug 
to rock it seems apparent that the seepage which supports the water table in 
the plots must come through ue rock beneath. It has also been noted that 
when an. excavation is carried.te rock the water will bubble up through the 
voids in numerous places. Tho 194). chart (fig. .9)-shows a depth ef 8.7 feot 
pumped orf,.0.5: foot pumpedion, ond a rainfall of 5.2 feet for, the year. 
EBvaporéticn tanks at the Experiment: Station indicte that the annucl loss by 
evaporation ond transpiration from the drainoge -area.will approximate ly fect. 
These cata incicate that the seepage inflow during the year was about 7 feet. 
The 162 acres has a. frontage of over a mile along the Hillsboro.cenal,. 


The records ot the Experiment Steticn indicate that for small drainage 
areas planted to truck crops the pumping plant should have a capacity of at 
least 4% inches in 2: hours over the aren served. With: this. cnpacity crops 
will be dameged every few years by excessive storms. An. ll-year record at 
the Experiment Station (sce table. 7) shows 18 rains of:4% inches cr more in 
2h, hours but 12 cof these fell during the four wet months frem. Juno te 
September whon little farming is done. Possibly a groater capacity would 
prove et enee depending on the kind and value, cf.the: crops grown. A 
pumping pacity of 1) inch: “eppears to) be satisfactory for large drrinoge 
arcas agian to sugar cane. 


Fixed and Operating Costs of Pumping 


The cost of pumping of the drainage districts on the -peat lands around 

Lake Okcechobce is moderate. The static lifts are low everaging around L.5 
feet; the total time of pumping if 211 pumps in a plant were operated at 

the same time, would averace less then.60 days per year; and the land served 
will produce two to three truck crops per year. The land in sugar cane pro- 
duces one crap per year. The cost of fuel oil for tho-large plants is approx- 
imately 6.5 cents per gallon. The records of the fcur large pumping plants 
previcusly ccnsidered indicate that the average annual depth of pumping from 
districts (with a l-inch run-off) is less than feet. On the basis of 1 

allon of fuel per acre-fcot the average cost of fuel oil would cpproximate 
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25 cents per acre. The fixed charges and maintenanco ¢cnstitute by far 
‘the greater part of the totel costs. However, it shculd be remembered that 
the total cost of cperating o dreinare district alse includes the cost of 
maintenance of Citches and. levees, which alone when properly dene .consti-. 
tutes 2 large item. It should alsc be noted that if the rate of run-off 
from: the aren served is increased the cost of p pUnpAEE especially the fixed 
charges, will increase at somewhat. less than the same proportion. The 

: imediat ce operating costs will depend somewhat on cing size of the area — 
served and ‘the seepage conditions outside the ore The plants studied 
in this report are especially well constructed ond the mechenism is of a 
type which will render lons service. The concrete foundations were carried. 
to rock. and were quite expensive. 


| The poner “P4 xed charges" as usec in this report inelud les the annual 
interest on the capital invested end the annual depreciation charge. The 
interest cn capital investec in the plants is figured at 6 percent. The 
depreciation charge has been computed by the sinking fund method ond the 
annual charge is such an omount that, invested at l; percent compound in- 
terest, the sum of the payments and the interest will equal the cost of 
building and equipment at the end of its estimated life. 


As both the building ond equipment in the plants studied are cf a 
very durable type, the life of, the. entire plant has been estimated at 20 
years. ‘One of the plents has been in-operation for over 10 yoars. The 
Weod-screw type of pumps have all moving parts ebcve the water in the 
suction and BieMuih as bays and the heavy duty diesel engines are of a type 
that has been in use ipl ee? 20 years in other fields. The pumphouses are 
subject tc hurricane damage but the repairs usually consist of replacing 
some of the corrug’ted metal sheeting. Table 10 shows the installotion 
cost ond fixed charges for each plant computed on the above basis. 


ine costs CY uel mid-or eClecuriciey,. Uuubricatineg oil sendwiapense: 
lence are: shown in tablé 11. “These items are shown as a total for 
each plant and as unit costs por acre served end per acre-foot pumped. 
The period of operation is expressed in plant-deys. As the oil engine 
plants have two or more pumps énd cll or part of the units may be in 
operation at e particular time,’ the total days on which pumping was done 
was grenter than the plant-deys shown. The plent-days were determined by 
reducin; the totel pump-hours to @-hcur days and cividing the result by 
the number of pumps. 

The acre-feet pumped is the tctel for both drainage end irrigation. 
The emounts pumped for each purpose are shown on the charts. Only © minor 
amount of water is pumped for irrigaticn. At the Everglades Experiment 
Station planta little water wossrumveitherjinior cutibyterow tye Lis 
probable that these amounts were about equal. i very smell amount of 
pumping v was done by a 25 hcrsepower semi-ciesel engine but the power thus 
furnished was estimated in kilowatt hours and added to the near readings 
for the Everglades Experiment Station plont. ; 


“The labor costs at the cil engine plants include the weges of the 
attendent and help used.in cleaning the screens end alsc the ee of 
the superintendent in charge cf the four plants. 4s the labor records in- 
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Table: 10.- Fixed Charges of Pumping Plants 
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cluded the time ‘spent by the mon cn’repairs, the superintendent's estimate 
of 80 percent as chargeable to-operations was usec. The Experimont Station 
plent requires no rogular attendant so the labor item was estimated. 

Tho two Pelican Lake plants are quite similar but unit No. 1 pumps 
much more weter:then unit Ne. 2 due to seonagze conditions. The’ costs per 
acre served are therefore higher for unit No, leondethe costs perpacre- 
foot vumped arcjlower.' The two East: Plc plants are larger and much 
moro efficient than these cf Pelican Leke and the unit Pestana thorefcre 
lower. 


The annual meintensnce Ye ‘sts as- shown in table le have been estimated 
at 1 percent of: the tctal investment in tho plants. It is prebsblo that $1 
per horsepower per year would easily cover the engine repairs. Tho pumps 
and buildings require very little maintenance.. The records. availeble are 
not sufficiont toe determine this cost but 1 percent is believed to; be ample. 
No insurance is’ carried on the plants and no taxes are charged against the 
property. if . 


ine fixed: tchargesiicr. the fcur oil enezine eae sags approxi- 
metely two-thirds of ‘the total cost of pumping and that for ‘the.cne electric 
plant amounts to approximatély cne=fourth of the sete. coste:. hesgcstmper 
acre served for the Pelican Lake plants avorares-. $2,.60.-whileé that. for the 
Eost Pehokee plonts is $1.60. This Jifferonco is due principally to the 
@roater investment per acre in’ the Pelican Lake plants. but the greater amount 
ef water pumped per acre anc’ the lesser efficiency of the Pelican Loke™ plants 
accounts for some of the’ difference. For the four-cil engine. plants fhe 
average cost por acre-foot pumped was 64 cents anc the everage ccest per acre- 
foct lifted 1 fcot was 15.conts. .The Experiment Station plent shows an aver- 
age cost per acre-foct pumped cf 80 cents, dna an averaze ccst of 36 cents 
per acre-foot liftod 1 foot. | i = 


The Experiment Station plant vrovides:for a discherge per acre which 
is approximately threo tines as large os that of the cil plants ond other 
conditions very so widely that ne fair ecmpariscn-ean be made between the 
costs of clectric and:oil power cn the' basis of the fisures: shcwn:in table 
i2@. ihe cost of electric ower is largely « dépendent en the: load factor or 
percent of time’ thet the plant is invise.. The ecnvenience cf clectric power 
Coulee pe Nad atic tainly lowcost af co plant were composed of two'or threo 
pumpin: units--on electric unit with a capacity of 1/3- to 1/2-ineh of ee 
off and one or two oi1 engine, units tc hencle additional water .as needed 
The seepage end light rains wculd keep the eloctric unit in operation much 
of the time end.in the dry months..this unit wculd have sufficicnt. cepacity 
to supply the neodod irrigaticn water. The eccnomical capacity of thé 
several units would depend on the ares. arainec, the scepase conditicns and 
the kim of crops grov SPs, 


9 


Special Tests of Oil Plants. 


Overall efficiency tests werd made at each of the cil enrine plants 
in 1935; the discharge of the pumps wos measured with 2 Pitot tube ond the 
fuel consumed in en hour's time was ecrefully woished. Thei static lifts 
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are the dirference in reodings-cf the rages just outside cf the screens 

mo, Other end of the plant. <The useful aork dene by the »lant, orrweter 
hersepower, is based on the pump discharge and static lift. The emergency 
SuCDUS Of Onrine 1s estimated on ‘the besis of 0.50 pound of fuel oil) per 
brake horsepower. The cverall efficiency is the ratic cf the water horse- 
power! hours. to the indicated hcrsepower hours or energy used in the enfine. 
The mechehical efficiency or ratio of the brake horsepower to the in@icated 
horsepower is estimated as 80 percent. The term "plant" in table 14, irefers 
to 2 complete pump and engine mit. Each plant has either two or three 
such units. It-.is evident thet-the East Pahokee. plants-are .much..more effi- 
ecient than the Pelican Lake plants. The East Pahokee pumps are of Jarger 
size and probably: of more recent design. Efficiencies based on fuel con- 
sumption and brake horscpower are necessarily only approximite. 
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Figure 2,A.—Hydrographs of wells 6 and I3, line B, and Hillsboro Canal; rainfall at Shawano 
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Figure 3, A.— Hydrographs of wells 8 and 27, line D, and Lake Okeechobee; rainfall near line D 
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Figure 4,A. 
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— Hydrographs of well 7, line G, and Hillsboro Canal; rainfall near line G 
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Figure 5,A.— Hydrographs of well 18, line S, and West Palm Beach Canal; rainfall at Azucar; days on which pumps operated 
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RECORD OF PUMP OPERATION AT PELICAN LAKE DRAINAGE DISTRICT, FLA.1934 


Total water pumped for drainage 
Total water pumped for drainage 
Total rainfall (both units) 


Total fuel oi! used 
Total fuel oil used 
Average lift of pumps 
Average lift of pumps 


Unit No. | 23,764.2 ac. ft. 

Unit No.2 14,287.2 ac. ft. 
69.78inches 5.82ft. 

Unit No. | 26,300 gallons 

Unit No.2 15,985 gallons 

Unit No. | 3.3 feet 

Unit No.2 4.3 feet 


7.03 ft, on 3,379 acres 
5.01 ft. on 2,853 acres 
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Figure 6 
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; RECORD OF PUMP OPERATION AT EAST PAHOKEE DRAINAGE DISTRICT, FLA.!1934 
3 Total water pumped for drainage Unit No. | 16,588.0 ac. ft. 2.86 ft. on 5,798 acres 
Total water pumped for drainage Unit No.2 30,270.8ac.ft. 3.20ft. on 9,478 acres 
Total rainfall (both units ) 66.20inches 5.52ft. 
» Total fuel oil used Unit No. | 17,500 gallons 
Total fuel oil used Unit No.2. 32,087 gallons 
Average lift of pumps Unit No. | 4.1 feet 
Average lift of pumps Unit No. 2 4.7 feet 
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Figure 7 
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Ny 
w RECORD OF PUMP OPERATION AT EVERGLADES EXPERIMENT STATION, FLA. 1934 
fy Total water pumped for drainage 1,411.1 ac. ft. 8.71 ft, on 162 acres 
Total water pumped for irrigation 87,7 ac. ft. 0.54 ft. on 162 acres 
, Total time of pumping 1,33€ hours 55.8 days 
2 Total energy used 12,665  kw-hr. 
Total cost of electric power $780, 34.82 per acre 
Average lift of pump 2.32 feet 
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